Surface chiral formation of Cu lms was investigated in the galvanostatic electrodeposition under a magnetic eld of 5 T perpendicular to the electrode surface. The surface chirality was examined by electrochemical voltammograms of a chiral molecule of tartaric acid. The chiral induction depended on the magnetoelectrodeposition time, and this implied that the formation of the self-organized state of magnetohydrodynamic ows around the electrode is crucial for the chiral formation.
Introduction
Application of magnetic eld to electrolysis involves various research aspects from viewpoints of electrochemistry, magnetohydrodynamics and astrophysical hydrodynamics. Particular concern has been devoted to the chirality induction on the surfaces of electrodeposits.
When magnetic eld is imposed to an electrochemical cell, the Lorentz force acting on the faradaic currents causes ows around the electrode in the solutions. This is well known as the magnetohydrodynamic (MHD) effect [1] . Figure 1 shows two kinds of the MHD eects on an electrodeposition process [2] , where the magnetic eld is perpendicular to the electrode surface. Electrodeposition is a non-equilibrium phenomenon, which produces a lot of humps on the deposit surface. The Lorentz force acting on the currents around the humps causes microvortices near the surface. This is called the micro-MHD eect. Another MHD eect produces a macroscopic ow around the electrode edge, where the current direction is not parallel to the magnetic eld, and then the macroscopic ow grows into the tornado-like rotating stream over the electrode surface. This is called the vertical MHD eect.
The micro-MHD vortices could produce chiral defects such as screw dislocations on the electrodeposit surfaces. As the adjoining ows never conict with each other, both clockwise and anticlockwise vortices must coexist. Such a symmetrical vortex state leads to achiral surfaces. The inuence of the vertical MHD ow on the micro-MHD vortices could break the symmetry of the micro-MHD vortices, inducing surface chirality [2] .
We have tried to explore chiral surfaces of magnetoelectrodeposited (MED) metal lms of Ag [3] and Cu [4, 5] . The MED lms were employed as the electrodes, and the electrochemical reactions of chiral organic molecules * corresponding author; e-mail: mogi@imr.tohoku.ac.jp such as amino acids and tartaric acid were examined by voltammetry. The chiral behaviour of the MED lm electrodes appeared as the oxidation current dierence between the enantiomers. The chiral behaviours of the MED lms depended on the experimental conditions of the magnetoelectrodeposition, such as magnetic elds, electrode potentials and diameters. In this paper, we report the deposition time dependence on the chiral induction, to investigate the roles of micro-MHD and vertical MHD ows.
Experimental
Cu electrodeposition was conducted in a 50 mM (M = mol·dm . A magnetic eld of 5 T was imposed perpendicularly to the electrode surface and parallel to the faradaic current.
In order to examine the chirality of the MED lms, voltammograms of the enantiomers of tartaric acid (TA) (380) were measured on the MED lm electrodes. Voltammetry represents the measurements of faradaic currents i of electrode reactions during the linear sweep of a potential E of the working electrode. Figure 2 shows the voltammograms of the enantiomers of TA on the Cu 5T-lm electrodes. The oxidation of both enantiomers occurs around 0.7 V, but the oxidation currents are quite dierent; the peak current of L-TA is larger than that of D-TA. The voltammograms of the enantiomers coincided with each other on the 0T-lm electrodes. These results indicate that the magnetoelectrodeposition induces the chiral structures on the the lm surfaces and they can recognize the molecular chirality of TA. The potential changes drastically at the initial 15 s and then stays nearly constant, forming a plateau around −0.085 V. In galvanostatic electrodeposition without magnetic eld, the potential plateau means that a diffusion double layer has been formed near the electrode. On the other hands, under the magnetic elds, there exist the micro-MHD vortices and the vertical MHD ow around the electrode. Thus, the appearance of the potential plateau indicates the formation of self-organized state of these MHD ows, as shown Fig. 1 . The network morphology on the surfaces of the 5T-lms implied such a self-organized state [4] . The chiral behaviors of the 5T-lms were examined for various deposition times, and the results are shown in Fig. 4 , where the enantioexcess (ee) ratios are plotted against the deposition times. The ee ratio in the voltammograms can be dened as ee = (i The chiral behavior appears at the deposition times from 30 to 50 s, where the steady selforganized state of the MHD ows is formed, as shown in Fig. 3 . At the deposition times shorter than 20 s, the MHD ow state is transient, then the 5T-lm is achiral. These facts imply that the self-organized state of the micro-MHD and vertical MHD ows is crucial for the formation of chiral surfaces. At the deposition times longer than 50 s, with increasing the lm thickness, the non-equiribrium uctuation might disturb the formation of chiral structures.
Results and discussion
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